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Structural Basis for Alcohol Modulation of a Ligand-Gated Ion Channel
Homolog
Rebecca J. Howard, Kathryn E. Ondricek, James R. Trudell, R Adron Harris.
The molecular mechanisms underlying direct effects of ethanol and other
n-alcohols on the nervous system, including intoxication and anesthesia, are
poorly understood. Although physiological and behavioral evidence implicates
ligand-gated ion channels in the action of alcohols and other general anes-
thetics, a lack of high-resolution structural information for these receptors
has limited structural characterization of alcohol modulation. Recent structural
and functional studies of the prokaryotic ligand-gated ion channel homolog
GLIC show it to be a valuable model for structure, function, and modulation
of these receptors. We are investigating the effects of alcohols on GLIC, and
identifying specific protein sites underlying alcohol modulation. Our results
demonstrate that GLIC exhibits differential modulation by short- and long-
chain n-alcohols, similar to homologous cys-loop receptors. Mutations at
putative alcohol binding sites modify alcohol modulation, while labeling
with MTS reagents mimics alcohol effects. Our work supports a role for spe-
cific residues in the GLIC transmembrane domain in mediating alcohol binding
and modulation.
545-Pos Board B345
Smase D Activates Voltage-Gated Cation Channels
Hyeon-Gyu Shin, Yanping Xu, Zhe Lu.
Voltage-gated ion channels generate electric impulses in nerve, muscle and
endocrine cells. These channels open in response to membrane depolarization.
Previously studies from our group show that extracellular application of sphin-
gomyelinase (SMase) D shifts the G-V curve of voltage-gated Kþ channels in
the hyperpolarized direction, thereby activating the channels in hyperpolarized
potentials where they otherwise remain deactivated. SMase D hydrolyzes the
phospholipid sphingomyelin which is primarily present in the outer leaflet of
cell membranes. In doing so, it removes the positively charged choline group
of sphingomyelin. Enzymatic removal of the positively charged choline groups
makes it energetically easier for the positively charged voltage sensor to move
outwardly, assuming an activated conformation. We have recently found that
extracellular application of SMase D also shifts the conductance-voltage
(G-V) relation of voltage-gated Naþ and Ca2þ channels in the hyperpolarized
direction. Thus, SMase D apparently activates all three major classes of volt-
age-gated cation channels at hyperpolarized potentials where they otherwise
remain closed.
546-Pos Board B346
PI(4,5)P2 Regulation of TRPV1 Reconstituted in Model Lipid Membranes
Marcus D. Collins, Sharona E. Gordon.
TRPV1 channels are non-selective cation channels activated by capsaicin, pro-
tons, and heat. We have previously shown that TRPV1 activation is potentiated
in vivo by PI(4,5)P2. We are now investigating the mechanism of PI(4,5)P2
potentiation using TRPV1 channels reconstituted in synthetic lipid vesicles
studied with patch-clamp electrophysiology.We will present our results explor-
ing the effects of natural PIP2 extracts and di-C16 PI(4,5)P2 incorporated into
asolectin giant unilamellar vesicles (GUVs) and synthetic lipid GUVs. We will
compare the effects of these non-soluble forms of PIP2 to the effects of the
more water soluble di-C8 PIP2 forms used in many cellular electrophysiology
experiments.
547-Pos Board B347
Caspases Mediate Pannexin 1 Channel Activation in Apoptotic Cells
Joanna K. Sandilos, Faraaz B. Chekeni, Michael R. Elliott, Scott F. Walk,
Jason M. Kinchen, Eduardo R. Lazarowski, Allison J. Armstrong,
Silvia Penuela, Dale W. Laird, Guy S. Salvesen, Brant E. Isakson,
Kodi S. Ravichandran, Douglas A. Bayliss.
Pannexins represent a recently discovered family of membrane proteins that
form large conductance (400-500 pS) membrane channels permeable to ions
and small intracellular signaling molecules. The mechanisms that regulate pan-
nexin channel activity and their physiological roles remain incompletely under-
stood. Here, we used whole cell voltage clamp recordings from Jurkat cells to
demonstrate induction of a Pannexin 1 (Panx1)-dependent current only in apo-
ptotic cells; the current was not observed in Jurkat cells that were not undergo-
ing apoptosis, even when Panx1 was overexpressed. The apoptosis-induced
currents were attributed to Panx1 through a combination of pharmacological
profiling, over-expression, and siRNA knockdown experiments. We found
that Panx1 is a target of apoptosis-induced effector caspases (caspases 3
and 7), and that a specific caspase-cleavage site within the channel C-terminus
is required for activation of Panx1 currents during apoptosis. Furthermore,
expression of a Panx1 construct that is truncated at the C-terminal caspase
cleavage site resulted in constitutive Panx1 currents, even in non-apoptoticcells. In addition, uptake of Yo-Pro or To-Pro dyes characteristic of apoptotic
cells was altered by these manipulations in direct correspondence with changes
in membrane current, suggesting that dye uptake is mediated by Panx1 chan-
nels and provides a faithful surrogate for Panx1 currents. Likewise, ATP and
UTP release from apoptotic cells was Panx1-dependent. Together, these data
reveal a novel mechanism of Panx1 activation by caspase-dependent cleavage
in apoptotic cells. Moreover, this work identifies a new physiological role for
Panx1 channels in apoptotic cell clearance since Panx1 activation mediates
release of ATP and UTP, two nucleotides that provide ‘find-me’ signals for
recruitment of phagocytes to apoptotic cells.
548-Pos Board B348
AKAP79/150 Signal Complexes in G-Protein Modulation of Neuronal Ion
Channels
Jie Zhang, Manjot Bal, Sonya Bierbower, Oleg Zaika, Mark Shapiro.
Voltage-gated M-type (KCNQ) Kþ channels play a critical role in modulation
of neuronal excitability and action potential firing. A-kinase-anchoring protein
(AKAP)79/150 mediated PKC phosphorylation of M channels is involved in M
current (IM) suppression by muscarinic M1, but not bradykinin B2 receptors. In
this study, we first explored if purinergic and angiotensin suppression of IM in
superior cervical ganglion (SCG) sympathetic neurons involves AKAP79/150.
Transfection into rat SCG neurons of DA-AKAP79, which lacks the A-domain
necessary for PKC binding, or the absence of AKAP150 in AKAP150-/- mice,
did not affect IM suppression by the purinergic agonist UTP, nor by bradykinin,
but did reduce IM suppression by muscarinic agonists and by angiotensin II.
Transfection of AKAP79, but not DA-AKAP79 or AKAP15, ‘‘rescued’’ the
muscarinic suppression of IM in AKAP150-/- neurons. We also tested associa-
tion of AKAP79 or KCNQ channels with M1, B2, P2Y6 and AT1 receptors via
fluorescence resonance energy transfer (FRET) experiments on CHO cells un-
der total internal refection fluorescence microscopy, which revealed substantial
FRET between AKAP79 with M1 and AT1 receptors, but only weak FRET with
P2Y6 or B2 receptors. Similarly, we observed strong FRET between KCNQ2
with M1 and AT1, but not P2Y6 or B2, receptors. The involvement of
AKAP79/150 in the regulation of N- and L-type Ca2þ channels in SCG neurons
by Gq/11-coupled muscarinic receptors and by cAMP/PKA was also studied.
We found AKAP79/150 to not play a role in the former, but to be necessary
for forskolin-induced up-regulation of the L-type current. Our data suggest
that AKAP79/150 orchestrates signal complexes that include PKC, KCNQ sub-
units and M1 or AT1 receptors, which correlates with the PIP2-depletion mode
of neuronal M current suppression, but does not generalize to Gq/11-mediated
inhibition of N- or L-type Ca2þ channels.
549-Pos Board B349
Effect of Cytoskeleton on Cell Volume Regulation in Mdck Cells
Jason Rahimzadeh, Susan Z. Hua.
Volume regulation is critical for cell survival. A change in cell volume reflects
the movement of water across the cell membrane. That in turn is a function of
the solute content and mechanical stresses within the cytoskeleton. Previous
studies on regulatory volume decrease (RVD) used a Coulter Counter applied
to free floating cells. To evaluate the role of cytoskeletal stress we studied RVD
in adherent cells using a microfabricated cell volume sensor and compared
them with Coulter measurements. Suspended cells subjected to a hypotonic
challenge exhibited a rapid RVD. Adherent cells, with intact cytoskeletal net-
works, recovered their volume slowly and to a lesser extent. Modulating actin
filaments with cytochalasin-D and jasplakinolide affected RVD in adherent
cells more than in suspended cells. Cytochalasin-D (10 mM) disrupted actin
networks and caused rapid and large decreases in volume in response to a hypo-
tonic challenge, whereas RVD of suspended cells was unaffected. Jasplakino-
lide (500 nM) that stabilizes actin filaments increased the density of actin
filaments in attached cells and diminished RVD. These results suggest that as
expected stress in the cytoskeleton affects osmotic responsiveness. Since
attached cells are not spherical there are clearly forces normal to the membrane
and they play a role in volume regulation.
550-Pos Board B350
Phospholipids Regulate the Voltage-Dependence and Selectivity of Plant
VDAC
Lamia Mlayeh, Marc Leonetti, Martine Prevost, Fabrice Homble.
Membrane lipids have a significant effect on both structure and function of
membrane proteins. Several comprehensive studies on the lipid composition
of cell membranes indicate a high degree of adaptability to both endogenous
and environmental cues. It is of physiological importance notably for plants
which are static organisms to avoid lethal membrane injuries. VDAC channel
constitutes the major transmembrane protein of the mitochondrial outer
membrane, and is a key element in the regulation of solute exchange between
mitochondria and cytoplasm. We have recently shown that sterol-VDAC
102a Sunday, March 6, 2011interactions significantly affect the VDAC properties [1]. The present study fur-
ther explores these lipid-protein interactions with special emphasis on the effect
of phospholipid headgroups. The VDAC was reconstituted in planar lipid bila-
yer formed from either DOPC or DOPE or a DOPE/DOPC mixture. The main
findings of this study are: (a) DOPE is essential for the channel gating at salt
concentration prevailing in vivo and the voltage-dependence is inhibited
when DOPE is replaced by DOPC (b) in the presence of a DOPC/DOPE mix-
ture, the DOPE molal fraction require to restore the VDAC gating is lower than
that required to change the membrane viscosity, c) the unitary conductance is
not affected by the DOPC or DOPE, (d) both selectivity and voltage-depen-
dence are modulated by the degree of methylation of the DOPE but not the sin-
gle channel conductance and the gating parameters. The high resolution
structure of mammalian VDAC was used as a template to identify putative res-
idues able to interact with PE headgroups. All together these results indicate
that there is a direct interaction between PE and the VDAC and that PC locks
the VDAC in its open state inhibiting transitions of the VDAC to the subcon-
ductance states.
[1] Mlayeh et al. Biophys.J. (2010),doi:10.1016/j.bpj.2010.07.067
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Activation and Complex Regulation of the Kef Potassium Efflux System
During Protection of Bacteria Against Toxic Electrophiles
Tim Rasmussen, Christos Pliotas, Lisbeth Lyngberg, Jess Healy,
Wendy Bartlett, Samantha Miller, Tarmo P. Roosild, Samantha Castronovo,
Stuart J. Conway, Ian R. Booth.
Electrophiles react rapidly with DNA and proteins and are therefore toxic. Bac-
teria protect themselves from the immediate effects of electrophiles by lower-
ing the cytosolic pH before the compounds are detoxified. This is achieved by
the Kef systems, which mediate potassium efflux, in turn coupled to an influx of
protons. We investigated the activation and complex regulation of this system.
When electrophiles enter the cell, the most likely reaction partner is the nucle-
ophile glutathione which is present at high concentration in the cytosol. The
resulting glutathione adducts activate Kef while glutathione itself inhibits.
The kinetics of activation was investigated in vivo using a potassium selective
electrode. Activator and inhibitor bind to the same binding site on the regula-
tory KTN domain of Kef and cause differential structural changes, as shown by
crystal structures of this domain [1]. We characterised the binding and these
structural changes further using fluorescence and EPR spectroscopy in purified
Kef proteins. A second binding site on the KTN domain binds nucleotides.
Furthermore, Kef is regulated by a soluble protein which serves as activator
[2]. We present data that this activator protein also has quinone oxidoreductase
activity. The relationship between this enzymatic activity and its function as an
activator of Kef was dissected using point mutations to disrupt enzyme activity
but preserve structural integrity.
[1] Rossild et al., Structure 17, 893 (2009).
[2] Miller et al., J. Bac.182, 6536 (2000).
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Involvement of Caveolin-1 in Probucol-Reduced hERG Membrane
Expression
Jun Guo, Shetuan Zhang.
The human ether-a-go-go-related gene (hERG) encodes the pore-forming sub-
unit of the rapidly activating delayed rectifier Kþ current (IKr) important for
cardiac repolarization. Dysfunction of hERG channels causes Long QT Syn-
drome (LQTS). While diverse compounds reduce the hERG current (IhERG)
by blocking hERG channels, probucol, a cholesterol-lowering drug that
causes LQTS, reduces IhERG by decreasing hERG channel expression in the
plasma membrane. In the present study, we investigated the mechanisms of
probucol effects on hERG expression. Probucol did not block hERG forward
trafficking; it instead accelerated degradation of mature hERG channels. Im-
munocytochemistry and co-immunoprecipitation (Co-IP) data demonstrated
association between hERG channels and caveolin-1 (Cav-1). In HEK cells
without hERG expression, probucol promoted endogenous Cav-1 degrada-
tion. In hERG-expressing HEK cells, overexpression of Cav-1 enhanced,
whereas knockdown of Cav-1 impeded probucol-induced reduction of
hERG channels. Thus, probucol reduces hERG expression through accelerat-
ing Cav-1 turnover. The effects of probucol on Cav-1 and hERG result from
probucol’s cholesterol-disrupting action, since low density lipoprotein (LDL),
a potent cholesterol carrier, effectively prevented probucol-induced reduction
of IhERG in hERG-HEK cells and of IKr in cultured neonatal rat ventricular
myocytes. In conclusion, our data provide evidence that targeting hERG-
interacting protein, caveolin, represents a novel mechanism for drug-induced
hERG reduction and LQTS. (Supported by the Canadian Institutes of Health
Research)553-Pos Board B353
Involvement of Caveolin-3 in the Endocytic Degradation of the Cell
Surface hERG Channels
Xian Li, Jun Guo, Shetuan Zhang.
The human ether-a-go-go-related gene (hERG) encodes the pore-forming sub-
units of the rapidly activating delayed rectifier potassium channel (IKr) that is
important for cardiac repolarization. We have discovered that hERG channels
rapidly internalize in low extracellular Kþ conditions ([Kþ]o), known clinically
as hypokalemia. In cell culture, this internalization process is driven by
endocytic protein, caveolin-1 (Cav-1), which is an integral player in the caveo-
lae-dependent endocytosis pathway. However, Cav-1 is tissue specific; its
homolog, Caveolin-3 (Cav-3), is the predominant form in muscles and thus
may play a direct role in regulating hERG expression in cardiac myocytes.
To investigate the roles of Cav-3 on hERG endocytosis, we overexpressed
Cav-3 in human embryonic kidney (HEK) 293 cells stably expressing hERG
channels. Cav-3 overexpression decreased both the hERG current and the chan-
nel expression levels by more than 50% in normal culture conditions. In addi-
tion, Cav-3 overexpression exacerbated hERG endocytosis under hypokalemic
(0 mM Kþo) culture conditions. Since hypokalemia has also been shown to re-
duce hERG conductance in cardiomyocytes, we demonstrated that knockdown
of Cav-3 using siRNA can significantly impede such reduction. Co-immuno-
precipitation analysis and confocal imaging also demonstrated an association
between hERG and Cav-3 in rat and rabbit cardiomyocytes. Our data indicate
that Cav-3 participates in hERG trafficking, and is an important regulator of
hERG expression in cardiac myocytes. (Supported by the Heart and Stroke
Foundation of Ontario and Canadian Institutes of Health Research)
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Cardiac PotassiumChannel hERG IsRegulated byUbiquitinLigase Nedd4l
Heidi Shallow, Jun Guo, Shetuan Zhang.
The cardiac rapidly activating delayed rectifier potassium channel (IKr) is en-
coded by the human ether-a-go-go related gene (hERG), which is important
for repolarization of the cardiac action potential. Reduction in hERG expres-
sion levels due to genetic mutations or drugs causes Long QT Syndrome
(LQTS). Recently, we demonstrated that ubiquitination of hERG channels is
involved in low Kþ induced hERG endocytic degradation. Since homeostatic
degradation is an important pathway in maintaining hERG membrane expres-
sion levels, we investigated the molecular mechanisms for hERG degradation
by focusing on the role and consequence of the ubiquitin (UB) ligase, Nedd4L.
Ub plays a role in the internalization of cell-surface hERG channels, and we
hypothesized that ubiquitination of hERG channels is facilitated through
Nedd4L. To study the effects of Nedd4L on hERG channels, we overexpressed
Nedd4L in human embryonic kidney (HEK) 293 cells that stably express the
hERG channels. We performed electrophysiological recordings, Western
blot, co-immunoprecipitation analysis, and confocal microscopy to identify
Nedd4L’s role in hERG expression. Our data from whole-cell patch clamp re-
cordings demonstrated that, among hEAG, Kv1.5 and hERG, Nedd4L specifi-
cally eliminates the hERG channel current. Western blot and confocal imaging
analyses showed that Nedd4L overexpression led to significant reduction in
mature hERG channels in the plasma membrane. Data obtained using co-im-
munoprecipitation indicated that Nedd4L significantly increases ubiquitinated
hERG channels. Our data indicate that Nedd4L may play a role in hERG ho-
meostatic degradation. (Supported by the Canadian Institutes of Health Re-
search and Heart and Stroke Foundation of Ontario).
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Structural Basis of Action for a Novel hERG1 Channel Activator
Vivek Garg, Frank Sachse, Michael Sanguinetti.
The rapid delayed rectifier Kþ current (IKr) is conducted by human ether-a-
go-go-related gene 1 (hERG1) channels and plays a predominant role in the
repolarization of cardiac action potentials. Long QT syndrome caused by
loss-of-function mutations in hERG1, or unintended blockade of hERG1 chan-
nels by commonly used drugs, can lead to severe arrhythmia and sudden death.
Here, we investigated the structural basis of action of ICA-105574 (ICA),
a novel hERG1 agonist previously reported to activate current by causing
a large shift (>180 mV) in the V0.5 for P-type inactivation. Here we show
that ICA is a partial agonist and has decreased activity in inactivation-impaired
mutants of hERG1. Alanine-scanning mutagenesis of the S5, pore-helix and S6
segments of hERG1 and voltage clamp analysis of mutant channels expressed
in Xenopus oocytes was used to define residues critical for current activation by
ICA. The effects of 30 mM ICA were tested on 43 different mutant channels.
Nine mutations attenuated ICA-mediated hERG1 activation by >10-fold.
Two mutations, F557L (S5) and L622 (pore helix) completely prevented
hERG1 activation by ICA. Residues identified as critical for ICA activity
